Objective: To determine whether raised plasma glucose concentration independently influences outcome after acute stroke or is a stress response reflecting increased stroke severity.
Introduction
Diabetic patients have worse survival and recovery prospects after acute stroke than non-diabetic patients. In addition, hyperglycaemia in the acute phase of stroke has been established as a predictor of poor outcome in non-diabetic patients. There is dispute, however, whether a raised plasma glucose concentration is independently associated with a poor prognosis. Several studies have suggested that hyperglycaemia in non-diabetic patients after acute stroke is a stress response [1] [2] [3] [4] [5] [6] [7] [8] reflecting more severe neurological damage. Others have suggested that hyperglycaemia influences outcome independently of stroke severity. [9] [10] [11] If the second was true we should need to investigate whether reversing hyperglycaemia in the acute phase of stroke influenced its adverse effect on survival.
We studied the effect of hyperglycaemia on stroke mortality and morbidity by assessing its effect on outcome after adjusting for known prognostic factors. We describe our findings in a cohort of unselected patients admitted to our acute stroke unit.
Patients and methods
The acute stroke unit serves a catchment population of 220 000. All patients who present within 72 hours of the onset of an acute neurological deficit with no known alternative to a vascular cause are admitted irrespective of age or the severity of the deficit. All patients have clinical data and results of investigations recorded prospectively. A diagnosis of ischaemic or haemorrhagic stroke is established by computed tomography. Magnetic resonance imaging is considered as an additional diagnostic tool, particularly in patients with suspected posterior circulation events. The aim is to complete all investigations within 72 hours of admission. All patients have their stroke subtype categorised on the basis of clinical features according to the Oxfordshire Community Stroke Project classification. 12 This classification divides patients into four groups: total anterior circulation syndrome, partial anterior circulation syndrome, posterior circulation syndrome, and lacunar syndrome.
Biochemical data are obtained routinely from all patients on the day of admission and early next morning. Plasma glucose concentration is measured on both occasions, giving one random and one fasting measurement. In this study we used the random glucose measurement for each patient if it was taken; if not we used the fasting measurement. Glucose concentration was recorded both as a continuous variable and as a binary variable (<8 mmol/l, normoglycaemic; > 8 mmol/l, hyperglycaemic). The upper limit of normal for a fasting plasma glucose concentration is 6.5 mmol/l. As not all glucose measurements in our study were taken fasting, 8 mmol/l was used as the cut point for hyperglycaemia. Other potential prognostic variables considered were age, stroke type (ischaemic or haemorrhagic), admission blood pressure (systolic and diastolic), smoking status (never smoker, former smoker, or current smoker), time to resolution of symptoms (<72 hours or > 72 hours), and Oxfordshire Community Stroke Project category.
The patients in this study presented to our acute stroke unit between June 1990 and December 1993. Patients with previously diagnosed diabetes were included, but the data from these patients were analysed separately, as there is evidence that hyperglycaemia affects outcome differently in diabetic patients. 9 Survival and placement follow up were by record linkage 13 to the Scottish deaths register and to a national database of hospital discharge records. The method of record linkage was validated in an epidemiological study of hypertension 14 and has been used for monitoring end points and adverse events in a large clinical trial. 15 Record linkage provides reliable patient follow up; however, admissions to private hospitals or institutions outside Scotland are not detected. Outcome placement was coded as alive at home, alive in care, or dead. This placement information was recorded two, three, six, and 12 months after admission.
Statistics
Baseline variables in diabetic and non-diabetic patients were compared by 2 tests for discrete variables and Mann-Whitney tests for continuous variables. Differences in the distributions of potential prognostic variables between placement categories at three months were assessed by 2 test for discrete variables and Kruskal-Wallis analysis of variance for continuous variables. The main analysis used Cox's proportional hazards regression model 16 to estimate the effect of hyperglycaemia on survival after stroke. A separate baseline survival function was fitted for each Oxfordshire Community Stroke Project category, as including the Oxford classification as an explanatory variable was unlikely to fulfil the proportional hazards assumption.
The effect of plasma glucose concentration was determined after entering other significant prognostic variables (selected from age, stroke type, time to resolution of symptoms, smoking status, and systolic and diastolic blood pressure). The assumption of proportional hazards was checked for all variables included in the model. The effect of hyperglycaemia on outcome was further explored by coding outcome at three months as good (alive at home) or poor (alive in care or dead) and then performing a stepwise logistic regression analysis. 17 We tested whether hyperglycaemia was independently associated with this outcome after adjusting as necessary for age, time to resolution of symptoms, stroke subtype, Oxford classification category, smoking status, and systolic and diastolic blood pressure. In the proportional hazards and logistic regression analysis a quadratic relation between blood pressure and outcome was permitted.
Results
A total of 811 patients with computed tomography confirmed acute stroke and plasma glucose data were studied. In 624 (77%) cases the plasma glucose concentration was measured on admission, and in 187 (23%) cases it was measured early next morning. The mean times to measurement of glucose concentration were 3.6 hours after admission to the unit and 14.4 hours after stroke onset. Sixty one (8%) patients were diabetic, seven (1%) being insulin dependent. Table 1 compares the characteristics of the diabetic and non-diabetic patients. As expected, the median plasma glucose concentration and proportion of patients with hyperglycaemia were higher in the diabetic group. Our main analysis was restricted to the 750 non-diabetic patients. Fifteen patients were lost to follow up for placement (owing to failure of hospital discharge record linkage) but not for survival. The mean follow up time was 1.65 years. Table 2 shows the numbers of patients in each outcome category over time. Table 3 shows the distribution of patient variables across the three placement categories. Table 4 gives the results of proportional hazards modelling.
Hyperglycaemia led to higher mortality, even after adjusting for other prognostic variables. Increased systolic and diastolic blood pressure levels were not significant linear or quadratic predictors of poor survival and were not included in the final proportional hazards model. Similarly, smoking status did not predict survival and was excluded from the model. The assumption of proportional hazards held for all variables except plasma glucose concentration (continuous). This variable was therefore removed from the model and plasma glucose concentration considered as a binary variable. Figure 1 shows the Kaplan-Meier survival curves for patients in each Oxford classification category with and without hyperglycaemia. Hyperglycaemia also predicted poor outcome at three months. This variable significantly (P = 0.0003) improved prediction of outcome at three months (alive at home versus in care or dead) by logistic regression after adjusting for age, time to resolution of symptoms, stroke subtype, and Oxford classification category. Levels of systolic and diastolic blood pressure were not included in the logistic regression model, as they were neither linear nor quadratic predictors of outcome. Smoking status did not predict outcome and was excluded from the model.
Discussion
Our results show that hyperglycaemia predicts higher mortality and morbidity after acute stroke independently of other adverse prognostic factors, such as older age, type and severity of stroke, and non-reversibility of the neurological deficit. The effect of hyperglycaemia on mortality is large. The estimated relative hazard of 1.87 was greater than that for haemorrhagic versus ischaemic stroke and equivalent to adding more than 20 years to a patient's age.
The results suggest that hyperglycaemia is not solely a stress response to neurological insult, as it predicts outcome after taking other prognostic factors into account. Indeed, the relative risk conferred by hyperglycaemia is greatest in patients with lacunar stroke. Previous studies which concluded that hyperglycaemia was a stress response, based on a correlation between stroke severity and plasma glucose concentration, 6 7 did not consider whether hyperglycaemia independently predicted outcome after adjusting for stroke severity. Van Kooten et al showed that noradrenaline concentrations were associated with stroke severity but could not find significant relations between catecholamine and plasma glucose concentration or between glucose concentration and stroke severity. 10 They concluded that raised plasma glucose concentration in non-diabetic stroke patients could not be explained by a stress response. Jorgensen et al showed a correlation between glucose concentration and stroke severity but found that glucose concentration independently predicted outcome after adjusting for stroke severity. 9 We sought to correct for the blood pressure on admission in our modelling of survival, as raised blood pressure after admission for stroke may be due to both the mental stress of hospitalisation 18 19 and the physical stress of the neurological damage. However, neither systolic nor diastolic blood pressure was associated with outcome. In addition, diastolic blood pressure was not significantly correlated with plasma glucose concentration (Spearman's rank correlation coefficient (r s ) 0.053; P = 0.0819) and systolic blood pressure was only weakly correlated with plasma glucose concentration (r s = 0.131; P = 0.0003). This further indicates that raised plasma glucose concentration is not due to a stress response after acute stroke.
Duration of hyperglycaemia
Probably in many hyperglycaemic patients in our study the raised plasma glucose concentration was of long standing. Other workers investigated this by measuring haemoglobin A 1c concentration and inferred that raised values indicated a long prestroke history of hyperglycaemia. 2 3 9-11 Haemoglobin A 1c concentration is not routinely monitored in our unit, so we could not estimate the prevalence of previously undiagnosed diabetes.
The mechanism by which hyperglycaemia might influence stroke outcome is uncertain. Both acute and chronic hyperglycaemia are associated with increased oedema and infarct size 20 and with reduced cerebral blood flow and cerebrovascular reserve. 21 Ischaemia leads to a slowing of the oxidative glucose metabolism and an increase in anaerobic glycolysis. The concentration of lactic acid increases locally as a result. Hence intracellular pH is lowered and cells die or become dysfunctional. 22 Hyperglycaemia exacerbates these changes. 23 24 Experimental evidence suggests that hyperglycaemia may increase lactate production in two ways-either directly in severely ischaemic brains by increasing available glucose, or indirectly in the case of incomplete cerebral ischaemia by inhibiting mitochondrial respiration and glucose oxidation. 24 Such increased lactate production in the ischaemic penumbra may lead to poorer outcome. The above mechanisms may also cause a worse outcome in hyperglycaemic primary intracerebral haemorrhage, the excess lactate production occurring in the area of ischaemia around the site of the haemorrhage.
Our results suggest that a randomised trial of glucose control is warranted in patients with stroke complicated by hyperglycaemia. Randomisation should be soon enough after stroke onset to allow treatment during the "window of opportunity" for pharmacological intervention. Recent studies suggest that this time window lasts for up to three 25 or even 12 26 hours after stroke onset.
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Introduction
A decade ago surgery was the only effective method of controlling bleeding ulcers. With the advent of effective means of endoscopic haemostasis, endoscopic treatment has emerged as the first line treatment of ulcer haemorrhage. Many methods, such as laser, contact thermal probes, or injection therapy, have been proved to be clinically useful. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] Which one of these methods is superior remains controversial.
Contact thermal probes use the principle of captive coagulation: the vessel wall is pressed together by the probe before the probe is activated. The vessel is sealed by a combination of pressure and heat. Heat probe treatment has been shown to improve clinical outcome in patients with actively bleeding ulcers and high risk stigmata. For optimum effect, the larger (10 French gauge, 3.2 mm) probe has to be used. A larger, less manoeuvrable therapeutic endoscope with a 3.7 mm instrument channel is therefore required. The successful application of a heat probe also demands accurate targeting and firm tamponade of the bleeding vessel. In the presence of flowing blood this is not always possible.
We have previously compared heat probe treatment with adrenaline injection in the treatment of actively bleeding ulcers. 11 The success in stopping active bleeding at the time of endoscopy was lower with the heat probe compared with adrenaline injection (83% v 96%). Adrenaline injection is highly effective in stopping active ulcer bleeding. In our previous studies with this technique the success rate in stopping active bleeding ranged from 93% to 100%. 7 11-13 Adrenaline, however, does not induce permanent thrombosis in blood vessels. About 13% to 20% of patients develop further bleeding, which often results in emergency surgery. We attempted to improve the results by the additional injection of a sclerosant. Neither the additional injection of 3% sodium tetradecyl sulphate nor absolute alcohol reduced the incidence of rebleeding. 12 13 The dual treatment of adrenaline injection followed by heat probe application was therefore theoretically appealing. Active bleeding is first controlled by injection so that the eroded vessel can be clearly seen, allowing accurate placement of the heat probe. Cessation of active bleeding also means that heat energy delivered by the probe is not carried away by the flowing blood.
We report the results of a randomised prospective trial that compared adrenaline injection alone with adrenaline injection followed by heat probe treatment in actively bleeding ulcers. We examined whether the dual treatment improves permanent haemostasis and would therefore reduce mortality in patients actively bleeding from peptic ulcers. the ulcer was washed away with a "Waterpik." 14 Patients with actively bleeding ulcers (spurting or oozing haemorrhage) identified at the time of endoscopy were recruited into the present study. Patients with non-bleeding visible vessels, adherent blood clots, clean based ulcers, or ulcers with contact bleeding only were excluded.
Patients and methods
Approval was obtained from the local ethics committee before we started the trial. Patients were then randomised to receive either adrenaline injection alone or adrenaline injection followed by heat probe treatment. Randomisations took place at the time of endoscopy when actively bleeding ulcers were seen. The endoscopy nurse then opened a sealed envelope containing the treatment option, which had previously been determined by a random number list generated by a computer. Treatment was concealed from the endoscopist when the patient was admitted into the trial.
Adrenaline in 1:10 000 dilution was injected in 0.5-1 ml aliquots into and around the bleeding point until the bleeding was controlled. The group randomised to dual treatment received additional captive coagulation with an Olympus heat probe unit (Olympus Optical, Tokyo). The 10 French gauge heat probe (Olympus CD-1OZ) was used to tamponade the bleeding point firmly for three pulses of 30 J at any one site. The end point of treatment with the heat probe was defined as flattening or cavitation of the bleeding point. If a regular diagnostic endoscope was used initially, a dual channel therapeutic endoscope (2T-10 or 2T-200; Olympus, Japan) was used for the heat probe treatment usually after the initial control of bleeding by adrenaline injection.
The patients were returned to the surgical gastroenterology ward after treatment. They were managed by surgeons blind to the treatment option. Blood transfusion was given to maintain the haemoglobin concentration at around 100 g/l. All patients underwent endoscopy 24 hours later, and a further injection of adrenaline alone was given if active bleeding was again seen. Heat probes were not used at the second endoscopy because of the risk of perforation.
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Criteria for emergency surgery were drawn up and strictly adhered to. These were arterial bleeding not controlled at the time of endoscopy; clinical rebleeding defined as fresh haematemesis or melaena associated with tachycardia (pulse rate > 110 beats/min) or hypotension (systolic blood pressure < 90 mm Hg ); or total transfusion exceeding 8 units of blood to maintain a haemoglobin concentration of around 100 g/l. Histamine receptor antagonists, omeprazole, or triple treatment for eradication of Helicobacter pylori were given on discharge, and endoscopy was carried out four weeks later to assess ulcer healing. At follow up endoscopy, endoscopists were blind to the initial treatment option.
The outcome assessments (decided a priori) compared between the two treatment groups were initial endoscopic haemostasis, rebleeding, requirement for surgery, requirement for blood transfusion, length of hospital stay, and mortality in hospital.
From our previous trials, rebleeding after adrenaline injection alone varied between 15% and 20%. No such data existed for the dual treatment of adrenaline injection plus heat probe treatment. If we assumed a rate of rebleeding of 5-10%, a sample size between 176 and 438 would be required to achieve a statistical power of 80% at 5% type I error. An interim analysis at around 220 enrollments was planned, and significance was taken at 3% type I error. We used Student's t test for comparisons of continuous variables, two tailed Pearson's 2 test or Fisher's exact test for comparisons of categorical variables, and non-parametric MannWhitney U test for comparisons of requirements for blood transfusions and length of hospital stay.
Results
Between 1 September 1992 and 7 June 1994 a total of 3558 patients were admitted to the Prince of Wales Hospital with upper gastrointestinal bleeding; 2170 were bleeding from peptic ulcers. Among them, 303 patients were actively bleeding at the time of endoscopy. Twenty seven patients were not randomised; in three the source of bleeding could not be identified because of torrential bleeding, and one patient was not cooperative at time of endoscopy. Heat probe treatment was not possible in 23 patients because the probe unit was out of order from 24 November 1992 to 1 January 1993. A total of 276 patients were recruited into the study. They were randomised to receive either endoscopic injection of adrenaline alone (136) or adrenaline injection plus heat probe treatment (140). Six patients were excluded after randomisation (2 v 4) as their ulcers were subsequently found to be malignant. The two groups were matched in patients' characteristics and severity of bleeding (table 1) . There were no significant differences in the age and sex distribution and the proportion of duodenal, gastric, and anastomotic ulcers.
Initial success in endoscopic haemostasis was comparable in the two groups (98% v 99%; odds ratio 3.09; 95% confidence interval 0.32 to 30.12). Primary haemostasis was not possible in three patients from the adrenaline injection alone group and one patient from the dual treatment group. These four patients went directly to surgery, and one subsequently died. At the second endoscopy 13 from the adrenaline injection alone group and nine from the dual treatment group required further treatment for endoscopic rebleeding. No who used non-steroid anti-inflammatory drugs 37 33
Two patients from the injection alone group and one patient from the dual treatment group went directly to surgery as bleeding could not be controlled endoscopically. Further treatments with adrenaline alone were successful in the remaining patients. In the entire group 12 (9.0%; 4.2% to 13.8%) from the adrenaline injection alone group and five (3.7%; 1.4% to 8.8%) from the dual treatment group had clinical evidence of rebleeding (odds ratio 0.39; 0.13 to 1.13). The difference, however, was not significant. Emergency operations were performed in 14 patients (10.4%; 5.2% to 15.6%) in the adrenaline injection alone group and eight (5.9%; 2.8% to 11.7%) in the dual treatment group (0.54; 0.22 to 1.32). The total number of blood transfusions, length of hospital stay, ulcer healing at four weeks, and mortality in hospital were not significantly different in either group (table 2) .
In patients with spurting haemorrhage (table 3) six (22.2%; 9.4% to 42.7%) assigned to adrenaline injection alone rebled clinically with circulatory instability or fresh haematemesis whereas only two (6.5%; 1.1% to 22.9%) from the dual treatment group rebled (0.02; 0.05 to 1.33). Eight patients (29.6%; 14.5% to 50.3%) from the adrenaline injection alone group underwent surgery: six for clinical rebleeding and two because they required more than 8 units of blood. In the dual treatment group two (6.5%; 1.1% to 22.9%) with clinical rebleeding needed surgery. The relative risk of the need for operation was lower in the dual treatment group (0.17; 0.03 to 0.87). Length of hospital stay in the dual treatment group was significantly shorter than that in the injection alone group (4 v 6 days; P = 0.01, Mann-Whitney U test). Requirement for blood transfusion in the dual treatment group was arithmetically less than that in the injection alone group, although this did not reach significance (median 4 v 5 units; P = 0.06, Mann-Whitney U test).
In patients with oozing haemorrhage no difference between two groups was observed in their clinical outcome (table 4) . There were two perforations related to the heat probe in the dual treatment group. No complications related to treatment were seen in the adrenaline alone group.
Only 91/134 patients (67.9%) from the adrenaline injection alone group and 96/136 patients (70.6%) from the dual treatment group returned for follow up endoscopy at four week. Ulcer healing was documented in 72/91 patients (79.1%) in the adrenaline injection alone group and 71/96 patients (74%) in the dual treatment group (P = 0.41, Pearson's 2 test). When we had enrolled 220 patients we carried out an interim analysis while we continued to randomise eligible patients. As an entire group the difference in outcome between two treatment groups was small. In the subgroup of patients with spurting haemorrhage the observed difference between the two treatment groups in their requirement for operation was associated with a statistical power of 27%. We estimated that we would need a sample size of 180 and a further four years of recruitment to achieve a statistical power of 80% at 5% type I error. As it was unlikely that we could continue for such a period we terminated the trial with the enrollment number at 276 and conducted a final analysis.
Discussion
In recent years many randomised clinical trials on the endoscopic treatment of bleeding ulcers have been reported. 1-3 5-8 10 Most trials that compared endoscopic treatment against standard medical treatment reported improvement in patient outcome as measured by reduced blood transfusion, decreased requirement for surgical intervention, and reduced length of hospital stay. An impact on mortality is more difficult to show as mortality in patients with bleeding ulcers is less than 10% in most series and the number of patients in individual trials is small. Recent meta-analyses, however, showed reduction in mortality with endoscopic haemostasis. 15 16 As differences in efficacy among different endoscopic devices are likely to be small, comparative studies of different endoscopic treatments have in general failed to show any superiority of one technique over another. 11 17-19 Inclusion of patients at high risk In up to 80% of patients with bleeding ulcers bleeding stops spontaneously. Endoscopic treatment should be targeted to those who are at high risk of developing further bleeding. In conducting clinical trials on endoscopic ulcer haemostasis, it is important to include only patients at high risks of recurrent haemorrhage so that significant results in high risks groups are not overshadowed by patients who are unlikely to rebleed. 20 The National Institutes of Health consensus conference recommended that only ulcers with active bleeding or visible vessels should be treated endoscopically. 21 Recent evidence indicates that patients with ulcers with an adherent clot may also constitute a high risk group. 22 The endoscopic diagnosis of stigmata of recent haemorrhage, however, depends on the observer. The agreement between observers in the interpretation of visible vessels is poor even among international experts with interests in endoscopic ulcer haemostasis. 23 For this reason, we included only patients with actively bleeding ulcers in the present study.
Attempts at improving permanent haemostasis
We have successfully used adrenaline injection for over 10 years in patients with actively bleeding peptic ulcers. Haemostasis can be achieved in most cases. Considerable rebleeding that required surgical intervention occurred in 15% of patients. From a technical stand point dual treatment with adrenaline injection followed by heat probe treatment is attractive. The spurting haemorrhage is first controlled by injection, which does not need to be accurately targeted as injection close to the bleeding point will suffice to control bleeding. As submucosally injected adrenaline does not damage tissue or have appreciable systemic effects, large volumes can be used without fear of complications. 24 Once the active bleeding is controlled the heat probe can be targeted on to the bleeding vessel to apply firm tamponade and captive coagulation. In our previous study that compared adrenaline injection with heat probe treatment the control of active haemorrhage was inferior with the heat probe principally because of problems of accurate placement of the probe in ulcers with active bleeding. Rutgeerts et al showed that the combined use of adrenaline injection and photocoagulation by neodymium: yttrium-aluminium-garnet laser was more effective than adrenaline injection alone in achieving permanent haemostasis. 25 A subsequent randomised trial confirmed that the additional laser treatment provided a marginal improvement in primary haemostasis. 26 Although the additional injection of a sclerosant shares the same theoretical appeal, we have been unable to show that the additional injection of either sodium tetradecyl sulphate 12 or absolute alcohol 13 confers any advantage in improving permanent haemostasis.
Combining injection and contact thermocoagulation
As in our previous studies, practically all active bleeding was controlled by adrenaline injection at the time of endoscopy. 4 7 11-13 As an entire group, although there was a trend favouring dual treatment, clinical outcomes in the two groups were not significantly different. When we analysed data for patients with arterial spurting and non-pulsatile oozing separately, however, significant differences were apparent. In patients with arterial spurting the need for emergency surgery decreased from 29.6% to 6.5% in the dual treatment group. The length of stay in hospital was also significantly reduced (P = 0.01). In the non-pulsatile group (table 4) , however, the clinical outcomes were identical in the two treatment arms.
Arterial spurting at the time of endoscopy is a grave prognostic sign. In one of our previous studies seven out of 10 patients with arterial spurting required emergency surgery if no endoscopic treatment was carried out. 7 Although adrenaline injection is highly effective in controlling active bleeding even in spurting haemorrhage, it does not induce permanent vessel thrombosis. The exact mechanism of action is probably a combination of vasoconstriction, tissue tamponade, and platelet aggregation. [27] [28] [29] A thrombus then seals the vent in the eroded artery. In ulcers in which a large vessel is eroded rebleeding may occur when the thrombus dislodges. Our results indicate that captive coagulation of the bleeding vessel, even after haemostasis by adrenaline injection, reduces further bleeding and the requirement for an operation in patients presenting with arterial spurters. Compared with ulcers with arterial spurting, ulcers with non-pulsatile oozing are probably bleeding from smaller blood vessels. The chance of dislodgment of the clot and recurrent haemorrhage is therefore smaller, and the advantage of additional captive coagulation not apparent. Ulcers with oozing haemorrhage constitute a heterogenous group. Steele proposes that oozing should be further classified into oozing without a visible vessel, oozing with a visible vessel, and oozing under an adherent clot (personal communication).
We conclude that in the endoscopic treatment of ulcers with spurting haemorrhage the addition of heat probe thermocoagulation to adrenaline injection seems to reduce rebleeding and the need for subsequent emergency surgery and should be carried out even if bleeding is initially controlled by adrenaline injection. Results: There were 1271 deaths from all causes, 974 heart attacks, 290 strokes, and 245 new cases of diabetes mellitus. All cause mortality was increased only in men with a body mass index (kg/m 2 ) < 20 and in men with an index >30. However, risk of cardiovascular death, heart attack, and diabetes increased progressively from an index of < 20 even after age, smoking, social class, alcohol consumption, and physical activity were adjusted for. For the combined end point the lowest risks were seen for an index of 20.0-23.9. In never smokers and former smokers, deaths from any cause rose progressively
Introduction
The ideal, desirable, or healthy body weight is usually defined as that associated with the lowest mortality. 1 For adults a body mass index (kg/m 2 ) of 20-27 is widely recommended as the standard weight range within which there is little benefit from further leanness in relation to all cause mortality. 2 3 However, criteria based on risk factors and morbidity may be more appropriate in determining healthy body weights. 4 5 Data from the British Regional Heart Study has shown the effect of smoking on the U shaped relation between body mass index and all cause mortality commonly found in epidemiological studies. 6 Among men who had never smoked the lowest mortality was observed in those with a body mass index of 20.0-21.9. Other reports from this study have been concerned with the independent relation between body mass index and the development of coronary heart disease and non-insulin dependent diabetes mellitus. 7 8 This paper aims to determine healthy body weight based on mortality, morbidity, and cardiovascular risk factors in middle aged men drawn from general practice registers in 24 British towns and followed up for some 15 years. It examines the prospective relation between initial body mass index and subsequent risk of death from all causes and the incidence of heart attack, stroke, and diabetes as well as the relations between body mass index and cardiovascular risk factors in these men.
Subjects and methods
The British Regional Heart Study is a large prospective study of cardiovascular disease comprising 7735 men aged 40-59 selected from the age-sex registers of one group general practice in each of 24 towns in England, Wales, and Scotland. The criteria for selecting the town, the general practice, and the subjects as well as the methods of data collection have been reported. 9 Men with pre-existing cardiovascular disease or taking regular medication were included in the study. Research nurses administered to each man a standard questionnaire that included questions on smoking habits, alcohol intake, physical activity, and medical history. Several physical measurements were made, and non-fasting blood samples were taken for measuring biochemical and haematological variables including serum lipids and packed cell volume. 9 10 Triglyceride and insulin measurements were available for men in 18 towns (7th-24th; n = 5675 and n = 5661 respectively). We adjusted for the marked diurnal variation in both parameters. 11 Details of blood pressure and heart rate and classification methods for smoking status, alcohol consumption, occupation (social class), physical activity, and body mass index have been reported. [12] [13] [14] Body mass index (calculated as weight/height 2 ) was used as an index of relative weight.
Follow up
All men were followed up for death from any cause, cardiovascular morbidity, and development of noninsulin dependent diabetes from the initial screening in January 1978 to July 1980 up to December 1993, a mean period of 14.8 years (range 13.5-16 years), 15 and follow up has been achieved for 99% of the cohort. Information on death was collected through the established "tagging" procedures provided by the NHS registers in Southport (England and Wales) and Edinburgh (Scotland). Criteria for accepting a diagnosis of non-fatal myocardial infarction and deaths from ischaemic heart disease have been reported 7 as has the method for ascertaining new cases of non-insulin dependent diabetes. 
Statistical methods
We used Cox's proportional hazards model to obtain the relative risks for the seven body mass index groups adjusted for age, smoking, physical activity, social class, and alcohol intake. 16 Smoking (five levels), physical activity (six levels), alcohol intake (five levels), and social class (seven levels) were fitted as categorical variables. Body mass index was fitted as six dummy variables for the seven groups. Tests for trend were carried out fitting body mass index in its original continuous form. Indirect standardisation was used to obtain age adjusted rates/1000 person years with the study population as the standard. The analysis of covariance was used to obtain age adjusted mean levels of the cardiovascular risk factors for the seven body mass index groups.
To assess the U shaped relation between body mass index and total mortality we entered body mass index both as a linear and quadratic term in its original continuous form in the model; the analysis indicates a U shaped relation if the quadratic term is significant.
Results
The mean (SD) body mass index was 25.48 (3.22) . The men were divided into seven body mass index groups: < 20 (n = 268), 20.0-21.9 (n = 703), 22.0-23.9 (n = 1549), 24.0-25.9 (n = 2080), 26.0-27.9 (n = 1638), 28.0-29.9 (n = 858), >30 (n = 636). Data were not available for three men.
Mortality from any cause
During the mean follow up period of 14.8 years there were 1271 deaths from all causes. These comprised 643 deaths from cardiovascular causes and 628 from non-cardiovascular causes, of which 432 were due to cancer. Figure 1 shows the age adjusted mortality for all causes, cardiovascular disease, cancer, and other non-cardiovascular non-cancer causes. A U shaped relation was seen with all cause mortality with the lowest total mortality in the body mass index groups 22.0-27.9. Mortality was significantly increased in men with an index < 20 or >30. A test for the U shaped curve fitting a linear and quadratic effect of body mass index showed a significant indication of a U shaped relation (quadratic term; P < 0.0001). A positive association was seen between body mass index and cardiovascular mortality (test for trend, P < 0.0001). For cancer, mortality was significantly increased in men with a body mass index < 20 but thereafter there was no trend. For deaths from non-cardiovascular, non-cancer causes there was a significant inverse trend (P < 0.0001). The excess deaths in the leaner men ( < 22) were largely due to respiratory causes.
Adjustment for lifestyle factors
Body mass index was strongly and inversely associated with cigarette smoking and physical activity and positively associated with social class and alcohol intake. 17 The relation between body mass index and mortality was examined with adjustment for age and then in addition for these factors (table 1) . Men with a body mass index of 20.0-21.9 were used as the reference group as this group lies at the lower end of the weight range usually regarded as acceptable. 3 There was little difference in the age adjusted risk of death from all causes in men with an index of 20.0-29.9. The additional adjustment reduced the increased risk for men with an index < 20, although it remained significant, and increased the risk seen in all the heavier groups. Mortality increased slightly at an index of 28 and was significantly increased at an index of > 30. For cardiovascular mortality there was a progressive increase in relative risk through all groups after full adjustment (test for trend, P < 0.0001). For cancer, after full adjustment mortality remained significantly increased only in men in the < 20 group. For other non-cardiovascular deaths, full adjustment had little effect on the age adjusted relative risks (test for trend, P < 0.001). Exclusion of deaths which occurred within the first five years of follow up did not greatly affect the patterns of risk observed.
Cardiovascular disease and diabetes
We examined the relation between body mass index and subsequent risk of fatal and non-fatal major coronary heart disease (n = 974) and stroke (n = 290). Table 2 shows the age adjusted rates/1000 person years for these outcomes and the relative risks adjusted for age and then in addition for alcohol intake, physical activity, smoking, and social class. No adjustment was made for blood pressure or blood lipid concentration as these are mechanisms in the pathway linking body weight and cardiovascular disease.
Coronary heart disease-Incidence increased progressively with increasing body mass index. After age and the lifestyle factors were adjusted for, the overall trend in relative risk of coronary heart disease was significant, although the risk increased significantly only at an index of 24.0 and above compared with the baseline group.
Stroke-The age adjusted risk was increased but not significantly in lightest ( < 20) and heaviest men (>30). This finding was not significant (P = 0.06) after adjustment for age and lifestyle factors. The lowest risks were seen in those with an index of 20.0-21.9 and risk tended to increase thereafter.
Diabetes-All men with diabetes at screening (n = 121) or who were diagnosed in the same calendar year as screening (n = 14) or who had blood glucose concentrations >11.1 mmol/l at screening (n = 22) were excluded from the analysis. In the 7575 men with no evidence of diabetes at screening there were 245 cases of non-insulin dependent diabetes during follow up. Risk of diabetes increased progressively with increasing body mass index from < 20 (test for trend, P < 0.0001) and was significantly raised at an index of 26 and above (table 2) .
Combined end point-In all, 2033 men either died or developed one of the end points (development of heart attack, stroke, or diabetes during follow up). After the full adjustment, the lowest risks were seen in men with an index of 20.0-23.9. Risk increased slightly at an index of 24 and was significantly increased at an index of 26 and beyond.
Exclusion of men with known coronary heart disease, stroke and diabetes There were 604 men who recalled a doctor diagnosing coronary heart disease (heart attack or angina) or stroke or who had evidence of diabetes at screening (see above). Exclusion of these men made little difference to the relations between body mass index and the specific end points. For the combined end point (n = 1717) the relative risks (95% confidence intervals) adjusted for age, smoking, social class, alcohol intake, and physical activity for the seven body mass index groups (lowest to highest) were 1. 
Smoking
Smoking is an important confounder in the relation between body mass index and mortality. 6 We therefore examined the relation between body mass index and mortality from any cause, coronary heart disease, and the combined end point (death, coronary heart disease, stroke, or diabetes) separately by smoking status at screening (never smoked, former smokers, and current smokers) adjusting for age (fig 2) . Current smokers showed higher mortality than former and never smokers at all body mass indices, and mortality from any cause was increased in those with an index < 20 in all smoking groups. In never and former smokers, mortality increased thereafter (test for trend, P < 0.008 and P = 0.01 respectively). A shallow U shaped relation was seen in current smokers. For coronary heart disease events a linear positive association was seen in never smokers and current smokers. In former smokers the lowest rates were seen in the 22.0-23.9 groups. For the combined end point, rates were lowest in the 20.0-23.9 groups in both never and former smokers and increased progressively thereafter (test for trend, P < 0.0001). Among smokers the lowest rates were in the 20.0-25.9 groups and increased thereafter. Further adjustment for lifestyle factors made minor differences to the relations within these smoking categories.
Cardiovascular risk factors
We examined the relations between body mass index and cardiovascular risk factors after age was adjusted for (table 3) . For most of these factors the levels increased (in the case of high density lipoprotein cholesterol decreased) progressively with increasing body mass index. Mean heart rate was slightly raised in those with a body mass index < 20 but lower again in the 20-21.9 group and increased progressively thereafter. Table 2 Body mass index and age adjusted rate/1000 person years and adjusted relative risk (95% confidence interval) of major coronary heart disease, stroke, diabetes, and the combined end point (death or developing major coronary heart disease, stroke, and diabetes during follow up) 
Body mass index

No of cases
Adjustment for biological factors
The positive relation between body mass index and cardiovascular mortality (table 1) and between body  mass index and coronary events (table 2) was attenuated after further adjustment for systolic blood pressure and blood cholesterol concentration, although it remained significant (P = 0.03 and P = 0.002 respectively). Additional adjustment for high density lipoprotein cholesterol abolished the positive trend for both cardiovascular mortality and coronary events (data not shown).
Discussion
Concepts of desirable or healthy weight have depended heavily on the relation between body mass index and mortality, 1 2 although more recently the associations between body weight and cardiovascular risk profile, morbidity, and diabetes mellitus have been emphasised in considering optimal weight. 4 5 18 In this study the well established U shaped relation between mortality and body weight was confirmed, with excess deaths in very lean men largely due to cancer and other non-cardiovascular causes and the excess deaths in the heaviest men predominantly due to cardiovascular disease. The relative risk of both heart attack and of diabetes increased progressively from an index < 20 and the lowest risk of stroke was seen in those with an index of 20.0-23.9.
With a combined end point (heart attack, stroke, diabetes, or death) the lowest relative risk was in the 20.0-23.9 groups. All the major risk factors for cardiovascular disease rose progressively from an index < 20. These findings strongly suggest that the healthy, biologically normal, or optimum body weight in these middle aged men is towards the lower end of the range which is currently regarded as acceptable.
Issues of adjustment
In most studies examining the relation between body weight and outcome in terms of morbidity or mortality, adjustments have been made in multiple regression models for blood pressure and total cholesterol concentration, and occasionally for other biological factors related to body weight and risk of cardiovascular disease. Any relations observed between body weight and the end points have been considerably attenuated after adjustment, often becoming nonsignificant. This has then been interpreted as meaning that "body weight does not matter" as these other variables have accounted for the relations observed. Our results were also attenuated after we adjusted for blood pressure, cholesterol, and high density lipoprotein cholesterol. In trying to assess the effects of body weight it seems illogical to adjust for those factors which are almost certainly the mechanisms by which increasing body weight brings about vascular damage.
Other studies
Previous prospective studies have generally focused on the U shaped relation between body mass index and all cause mortality or on the relation between body mass index and specific end points-for example, coronary heart disease. Few studies have focused on assessing healthy weight based on risk factors or morbidity, or both. In a cross sectional study of 3582 Japanese men (mean body mass index 23.3) and 983 women (mean 21.8) aged 30-59 years, 10 medical problems (hypertension, hyperlipidaemia, hyperuricaemia, ischaemic heart disease, lung disease, anaemia, upper gastrointestinal disease, liver, and renal disease) were selected to determine morbidity. 4 The relation between body mass index and a composite morbidity index formed a J shaped curve with the lowest point at an index of 22.2 in men and 21.8 in women. The authors conclude that an index of about 22 seems to be the ideal. In the Framingham offspring study a similar conclusion was drawn after assessing the relation between the scapular skinfold (as a direct measure of adiposity) and several cardiovascular risk factors in 2447 non-smoking men and women aged 20-59 years. Healthy adiposity corresponded to a mean body mass index of 22.6 for men and 21.2 for women. 5 Although not specifically aimed at assessing ideal body weight, a Finnish study of about 16 000 men and women aged 30-59 years showed clearly that the main risk factors increased progressively from an index of 20 upwards and that from a level of 22 an increase in body weight equivalent to 1 body mass index unit was related to a 4-5% increase in coronary heart disease mortality. 19 In our study an increase in 1 body mass index unit from 20.0-21.9 onwards was associated with an approximately 10% increase in the rate of coronary events and a 10% increase in the combined end point. In the Nurses health study, in women who had never smoked and who recently had stable weight, the lowest mortality was among the leanest women (body mass index < 19.0). 20 These women were at least 15% below the United States average weight for middle aged women. All cause mortality did not increase substantially until a body mass index of 27, although trends were apparent for coronary heart disease and cancer among women at average weights and among those who were mildly overweight.
Public health aspects
The British government's Health of the Nation strategy set targets for the reduction in the prevalence of obesity (body mass index >30) in men and women aged 16-64 years but made no recommendations regarding the distribution of weight in the population and set no standards for healthy body mass indices in the population. 21 The recent task forces report suggests targeting adults with a body mass index of 25-30 and expresses "a concern to develop a strategy to prevent the population in general becoming fatter." 22 In 1993, the proportion of men and women in England who were obese was 13% and 16% respectively with a mean body mass index of 25.9 for men and 25.7 for women. As an index of 25-30 is generally regarded as overweight, 23 half of the adult population of England is overweight or obese. 24 By contrast, in the United States, which has a similar epidemic of obesity, the focus of two recent reports has been on healthy weight rather than on obesity itself. 18 25 Both reports recommend maintaining a lean body weight throughout adult life and weight reduction in those who are overweight with or without obesity related disorders. The American Institute of Nutrition recommends a single body mass index criterion of 18-25 for both sexes and suggests that "most people will be healthier towards the lower end of the range." They proposed a format indicating gradations of risk-for example, body mass index 18-23 = lowest risk, 24-25 = mild risk, 26-29 = medium risk, and >30 = high risk. 25 The American Health Foundation Expert Panel proposes a healthy weight target of a body mass index < 25 for adults, representing the upper limit beyond which weight related disease risk becomes a concern and morbidity associated with obesity becomes manifest. In those exceeding the healthy weight target and without a diagnosis of a weight related disease, they propose a healthier weight goal. This represents the amount of weight loss that will reduce disease risk and is roughly two body mass index units (about 6 kg or 1 stone). This modest weight loss is regarded as achievable and maintainable and is more likely to be reached than the healthy weight target. 18 Our findings broadly agree with the United States reports, and it is clear that the emphasis must be on maintaining healthy body weight in early adulthood and the prevention of obesity. The British focus on obesity seems to avoid the issue of a healthy weight and to direct attention to the clinical management of obesity.
Clinical aspects
It is well established that at all body mass indices individuals with visceral obesity (excess deep abdominal fat as indicated by waist-hip ratio or waist circumference) are at highest risk of cardiovascular disease. 26 Thus estimates of risk based on body mass index or other crude measures alone may not be sufficient for assessment. Clinical decisions on the importance of body mass index in individuals will depend on the distribution of fat and muscular development as well as on the overall profile of risk.
Conclusions
In industrialised societies increasing body weight is closely related to an increasing incidence of noninsulin dependent diabetes and coronary heart disease and to increasing blood pressure, blood lipid, glucose, and insulin concentrations, urate concentration, and packed cell volume-factors all involved intimately in the development of coronary heart disease. There is also considerable evidence of the benefits of weight reduction on risk factors for cardiovascular disease and diabetes. 18 Although the benefits of weight reduction in overweight people for coronary heart disease are still controversial, 27 -29 the importance of maintaining a healthy weight throughout life as a major primary preventive measure against cardiovascular disease and diabetes seems incontrovertible. Within the "normal" range of body mass index (20) (21) (22) (23) (24) (25) (26) (27) it is better to be leaner, and the optimal healthy body mass index for adults is about 22. The implications of this conclusion for public health are considerable, and with the rising tide of obesity in the industrialised world deserve to be treated with some urgency.
Key messages
x The body mass index associated with the lowest mortality and the lowest incidence of coronary heart disease, stroke, and diabetes mellitus is not known
x In this study of middle aged men the risk of cardiovascular mortality, heart attack, and diabetes increased progressively from a body mass index < 20
x For a combined end point (heart attack, stroke, diabetes, or death from any cause) the lowest risk was in the range 20-24
x Levels of a wide range of cardiovascular risk factors increased progressively from an index of < 20
x A healthy body mass index in middle aged men seems to be around 22
Prospective study of Helicobacter pylori seropositivity and cardiovascular diseases in a general elderly population 
Subjects, methods, and results
We performed a prospective study on people from the Helsinki aging study. From the Helsinki census register random cohorts of people alive in July 1988 and born in 1904, 1909, and 1914 (300 in each group, 11.2% of the total population of 8035) were invited to participate; 795 people were alive and still living in the city of Helsinki. Altogether 144 refused to participate, leaving 651 (81.9%) people to be examined clinically up to April 1990. H pylori IgG, IgA, and IgM antibodies were tested by enzyme immunoassays 3 in 624 subjects (repeatibility of the test expressed as intraclass correlation coefficient = 0.95).
Baseline evaluation included a postal questionnaire, a structured interview conducted by public health nurses, a review of all available patient records, a clinical examination carried out by general practitioners, and laboratory investigations after an overnight fast.
Standard 12 lead resting electrocardiographic data were classified according to the Minnesota code criteria in duplicate. The results of echocardiography have been published elsewhere. 4 The presence of disease was based either on data from hospital records or on clinical examination, with special emphasis placed on the diagnostic accuracy for cardiac disease. Subjects were assigned to a group of "healthy elderly" (n = 122) if their subjective and objective (according to the examining physicians) health was good or moderate; they did not have hypertension, diabetes, dementia, or symptoms of cardiovascular, cerebrovascular, or pulmonary diseases, cancer, or other disabling diseases; and their history showed normal exercise tolerance.
During the five year follow up 250 subjects died. The principal cause of death was determined from the death certificates by trained nosologists at the Central Statistical Office of Finland.
Data were analysed with bmdp software. The differences in laboratory variables were tested with an analysis of variance in which age and sex were included as covariates. The Cox proportional hazards model served to test the influence of H pylori seropositivity on survival, with age and sex used as covariates.
Among the healthy elderly, 68% were seropositive for H pylori. Seropositivity did not differ significantly in subjects with and without manifest vascular diseases (67% v 71%; difference − 4.3%, 95% confidence interval − 11.8% to 3.3%).
The prevalence of major electrocardiographic or echocardiographic abnormality in subjects seropositive and seronegative for H pylori was similar. Of the laboratory variables, only the serum concentration of high density lipoprotein cholesterol differed between the 419 seropositive subjects and the 190 seronegative subjects (1.46 mmol/l v 1.55 mmol/l; difference − 0.09mmol/l, − 0.17 to − 0.01; P = 0.04).
During the five year follow up, crude mortality was 40% and cardiovascular mortality 20% in the whole series. After age and sex were controlled for, H pylori seropositivity was not related either to all cause or cardiovascular mortality (table 1) . As expected, several baseline cardiovascular variables (clinical symptoms and signs, electrocardiographic and echocardiographic abnormalities) significantly predicted mortality-for example, total mortality among subjects with and 
Comment
On cross sectional analysis we found no association between H pylori seropositivity and cardiovascular diseases (assessed in several ways) in our 624 elderly subjects. Because H pylori seropositivity did not predict total or cardiovascular mortality during a five year follow up, our results offer no evidence for an association between H pylori infection and coronary heart disease, and they differ from those reported recently in younger subjects. 1 2 Our results do not exclude the possibility that chronic H pylori infection acquired early in life may increase the lifelong risk of coronary heart disease. By analogy with serum cholesterol concentration in elderly subjects, controlled intervention studies may be needed to ascertain whether eradicating H pylori infection in certain subgroups is worthwhile. with and without H pylori infection, we found that H pylori infection is not associated with increased circulating concentrations of fibrinogen, factor VII:C, or prothrombin cleavage fragment, or with other haemostatic factors, which does not support the possibility of this infection inducing a tendency towards a procoagulant state. Thus it seems unlikely that H pylori infection predisposes the development of ischaemic heart disease through effects on the coagulation system. A memorable book From magic to science I graduated in Prague, Czechoslovakia, in 1939 one month before the Czech capital was occupied by the Nazis. I was lucky to escape to Palestine, where I joined the Czechoslovak Army, later to be transferred to the Royal Army Medical Corps. In order to acquaint myself with the British pharmacopoeia-somewhat different from the central European one-I looked up in the hospital's small library a textbook of clinical pharmacology. It was in fact American-by Harry Beckmann. Here I must point out that not only pharmacology but the whole concept of medicine at that time was different on the continent than in the Anglo-Saxon world. During our studies we were inculcated with the deepest admiration for our elders, whose views were not to be disputed. Traditions were sacred; the doctor's social status was maintained by a pompous gravitas. Sceptical questioning was frowned on, and even a trace of humour was sacrilege. Now I opened a book written in a highly readable, entertaining style often spiced with humour. Drugs were evaluated with caution. I still remember the following story. For many years acute cholecystitis used to be treated by a drug, I forget its name as it has been long forgotten by all. A few researchers in the United States examined the bile from postoperative biliary fistulas after having administered the drug. Not a trace of it or its metabolites was found on analysis. A tenet of decades was destroyed in a matter of weeks.
The iconoclastic questioning, the constant search for proof of every hypothesis, has been the hallmark of medicine in the Anglo-Saxon world. That is what I discovered in the book. Even after 50 years living in England I am still filled with gratitude and joy at having found out what turned medicine from magic to science. Of course there are still small pockets of the old "sacred cow" attitude here as much as elsewhere, but in general the critical spirit of evidence guided medicine has taken firm root on the continent. It is up to politicians and economists to deliberate whether Britain needs Europe. In medicine, however, Europe certainly needs Britain.
Jan Pollert is a retired chest physician in London
